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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and apparatus for analyzing the 
state of a battery for accurately analyzing the state such as a residual capacity of 
the battery by a low cost. 

SOLUTION: An AC voltage vB and AC current iB of a battery 1 1 are sampled by an 
analog-digital converter 14 in the state that an AC signal output from a pseudo 
random noise generating means 12 is applied to the battery 11 to be analyzed via an 
impedance element 13. A transfer function of a discrete system having the battery 1 1 
and the element 13 is estimated and calculated by a transfer function calculating 
means 15 from the obtained data, and a polarity of the function of an AC equivalent 
circuit of the battery 1 1 is calculated from the function of the system by a polarity 
calculating means 16. A state deciding means 17 decides the state of the battery 1 1 
by using correlation to the polarity of the function of the equivalent circuit. Since the 
function of the system is used, an analog signal processing is not required, and the 
respective means can be realized, for example, by a microcomputer 20. 
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A. Relevance of the above-identified Document 

This document has relevance to claims 1 and 3 to 12 of the 
present application. 

B. Translation of the Relevant Passages of the Document 

See also the attached English Abstract. 

[CLAIMS] 
[CLAIM 1] 

A battery state analyzing method for analyzing a state of a 
battery, characterized by comprising the steps of: 

performing an estimating calculation of a transfer function of 
a discrete system of a system including the battery, in accordance 
with time- series data of (a) an alternating voltage applied to the 
battery and (b) an alternating current applied to the battery; and 

analyzing the state of the battery by using the transfer 
function of the discrete system. 

[CLAIM 2] 

A battery state analyzing method for analyzing a state of a 
battery, characterized by comprising the steps of: 
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(i) applying an alternating signal to the battery that is to be 
analyzed, and, while the alternating current is applied to the battery, 
sampling an alternating voltage applied to the battery and an 
alternating current applied to the batteiy; and 

(ii) performing an estimating calculation of a transfer 
function of a discrete system of a system including the battery, by 
using, as time-series data, the alternating voltage and the 
alternating current, which are sampled in said step (i), 

the state of the battery being analyzed by using the transfer 
function of the discrete system, which is calculated by the 
estimating calculation in said step (ii). 

[CLAIM 10] 

The battery state analyzing method as set forth in claim 2, 
further comprising the step of: 

(iii) calculating, by using the transfer function of the discrete 
system, which is calculated by the estimating calculation in said 
step (ii), a pole of the transfer function of the discrete system, and 
converting the pole into a pole of a transfer function of a continuous 
system of an alternate equivalent circuit of the battery, 

the state of the batteiy being analyzed by using the pole, 
which is calculated in said step (iii), of the transfer function of the 
continuous system of the alternate equivalent circuit of the battery. 



[CLAIM 14] 
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The battery state analyzing method as set forth in claim 10, 
further comprising the step of: 

(iv) judging a remaining amount of the battery by using the 
pole, which is calculated in said step (iii), of the transfer function of 
the continuous system of the alternate equivalent circuit of the 
battery in accordance with a correlation, which is found out in 
advance, between the pole of the transfer function of the continuous 
system of the alternate equivalent circuit of the battery and the 
remaining amount of the battery. 

[CLAIM 15] 

A battery state analyzing apparatus for analyzing a state of a 
battery, characterized by comprising: 

means for performing an estimating calculation of a transfer 
function of a discrete system of a system including the battery, in 
accordance with time-series data of (a) an alternating voltage 
applied to the battery and (b) an alternating current applied to the 
battery, 

the battery state analyzing apparatus analyzing the state of 
the battery in accordance with the transfer function of the discrete 
system, which is calculated by the estimating calculation by said 
means. 

[CLAIM 16] 

A battery state analyzing apparatus for analyzing a state of a 
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battery, characterized by comprising: 

alternating signal applying means for applying an alternating 
signal to the battery that is to be analyzed; 

sampling means for sampling, when the alternating signal is 
applied to the battery by the alternating current applying means, an 
alternating voltage and an alternating current which are applied to 
the battery; and 

transfer function estimating calculation means for 
performing an estimating calculation of a transfer function of a 
discrete system of a system including the battery, in accordance 
with time- series data of the alternating voltage and the alternating 
current which are sampled by the sampling means. 

[CLAIM 22] 

The battery state analyzing apparatus as set forth in claim 
16, further comprising: 

pole calculation means for calculating, in accordance with 
the transfer function, which is calculated by the transfer function 
estimating calculation means, of the discrete system of the system 
including the battery, the pole of the transfer function of the 
discrete system, and converting the pole into a pole of a transfer 
function of a continuous system of an alternate equivalent circuit of 
the battery, 

the battery state analyzing apparatus analyzing the state of 
the battery in accordance with the pole, which is calculated by the 
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pole calculation means, of the transfer function of the continuous 
system of the alternate equivalent circuit. 

[CLAIM 27] 

The battery state analyzing apparatus as set forth in claim 
22, further comprising: 

state judging means for judging a remaining amount of the 
battery (a) in accordance with a correlation, which is found out in 
advance, between the pole of the transfer function of the continuous 
system of the alternate equivalent circuit of the battery and the 
remaining amount of the battery, and (b) in accordance with the 
pole, which is calculated by the pole calculation means, of the 
transfer function of the continuous system of the alternate 
equivalent circuit of the battery. 

[0007] 

[MEANS TO SOLVE THE PROBLEMS] 

To solve the problem above, the present invention, paying 
attention to the fact that there is a correlation between a transition 
of a pole of a transfer function of an alternating equivalent circuit of 
a battery and a remaining amount of a battery, is so arranged that, 
first, a transfer function of a discrete system of a system including 
the battery is calculated by an estimating calculation, and then, by 
using the transfer function, a pole of a transfer function of an 
alternating equivalent circuit of the battery is calculated, and a 
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state of the battery is detected by using the pole. In the present 
invention, analog signal processing is no longer required, because 
the estimating calculation of the transfer function of the discrete 
system can be performed by digital signal processing. 
[0008] 

A solution provided by the invention of claim 1 is a battery 
state analyzing method for analyzing a state of a battery such as a 
remaining amount of the battery, comprising the steps of 
performing an estimating calculation of a transfer function of a 
discrete system of a system including the battery, in accordance 
with time-series data of (a) an alternating voltage applied to the 
battery and (b) an alternating current applied to the battery; and 
analyzing the state of the battery by using the transfer function of 
the discrete system. 
[0009] 

According to the invention of claim 1, all processing can be 
carried out by the digital analog processing, and the analog signal 
processing is therefore not required in performing the estimating 
calculation of the transfer function of the discrete system of the 
system including the battery, in accordance with time-series data of 
(a) the alternating voltage applied to the battery and (b) the 
alternating current applied to the battery. This makes it possible to 
perform the estimating calculation by using an LSI including a 
one-chip microcomputer, a DSP, or the like. Therefore, it requires 
lower costs to produce an apparatus. At the same time, 
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susceptibility to noise is decreased. Moreover, the state of the 
battery can be analyzed by calculating, for example, the pole of the 
transfer function of the alternating equivalent circuit of the battery 
by using the transfer function of the discrete system, and by using 
the correlation between the pole of the transfer function of the 
alternating equivalent circuit of the battery and the state of the 
battery. 
[0010] 

Claim 2, which further specifies the invention of claim 1, 
claims a battery state analyzing method for analyzing a state of a 
battery such as a remaining amount of the battery comprises the 
steps of (i) applying an alternating signal to the battery that is to be 
analyzed, and, while the alternating current is applied to the battery, 
sampling an alternating voltage applied to the battery and an 
alternating current applied to the battery; and (ii) performing an 
estimating calculation of a transfer function of a discrete system of 
a system including the battery, by using, as time- series data, the 
alternating voltage and the alternating current, which are sampled 
in said step (i), the state of the battery being analyzed by using the 
transfer function of the discrete system, which is calculated by the 
estimating calculation in said step (ii). 
[0022] 

Moreover, the invention of claim 10 is the battery state 
analyzing method as set forth in claim 2, further comprising the 
step of (iii) calculating, by using the transfer function of the discrete 
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system, which is calculated by the estimating calculation in said 
step (ii), a pole of the transfer function of the discrete system, and 
converting the pole into a pole of a transfer function of a continuous 
system of an alternate equivalent circuit of the battery, the state of 
the battery being analyzed by using the pole, which is calculated in 
said step (iii), of the transfer function of the continuous system of 
the alternate equivalent circuit of the battery. 
[0026] 

Moreover, the invention of claim 14 is the battery state 
analyzing method as set forth in claim 10, further comprising the 
step of (iv) judging a remaining amount of the battery by using the 
pole, which is calculated in said step (iii), of the transfer function of 
the continuous system of the alternate equivalent circuit of the 
batteiy in accordance with a correlation, which is found out in 
advance, between the pole of the transfer function of the continuous 
system of the alternate equivalent circuit of the battery and the 
remaining amount of the battery. 
[0027] 

A solution provided by the invention of claim 15 is a battery 
state analyzing apparatus for analyzing a state of a battery such as 
a remaining amount of the battery, the apparatus comprising 
means for performing an estimating calculation of a transfer 
function of a discrete system of a system including the battery, in 
accordance with time-series data of (a) an alternating voltage 
applied to the battery and (b) an alternating current applied to the 
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battery, the battery state analyzing apparatus analyzing the state of 
the battery in accordance with the transfer function of the discrete 
system, which is calculated by the estimating calculation by said 
means. 
[0028] 

According to the invention of claim 15, in performing the 
estimating calculation of the transfer function of the discrete system, 
all the processing can be carried out by the digital signal processing, 
and the analog signal processing is therefore not required. This 
makes it possible to realize, by using a one-chip microcomputer, a 
DSP, or the like, the means for performing, in accordance with 
time-series data of (a) the alternating voltage applied to the battery 
and (b) the alternating current applied to the battery, the estimating 
calculation of the transfer function of the discrete system of the 
system including the battery. Therefore, it requires lower costs to 
produce an apparatus. At the same time, susceptibility to noise is 
decreased. Moreover, by using the transfer function of the discrete 
system, the state of the battery can be analyzed by, for example, 
calculating the pole of the transfer function of the alternating 
equivalent circuit of the battery, which is calculated by said means, 
and by using the correlation between the pole of the transfer 
function of the alternating equivalent circuit of the battery and the 
state of the battery. 
[0029] 

Claim 16, which further specifies the invention of claim 15, 
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claims a battery state analyzing apparatus for analyzing a state of a 
battery such as a remaining amount of the battery comprises 
alternating signal applying means for applying an alternating signal 
to the battery that is to be analyzed; sampling means for sampling, 
when the alternating signal is applied to the battery by the 
alternating current applying means, an alternating voltage and an 
alternating current which are applied to the battery; and transfer 
function estimating calculation means for performing an estimating 
calculation of a transfer function of a discrete system of a system 
including the battery, in accordance with time- series data of (a) the 
alternating voltage and (b) the alternating current, which are 
sampled by the sampling means. 
[0039] 

The invention of claim 22 is the battery state analyzing 
apparatus as set forth in claim 16, further comprising pole 
calculation means for calculating, in accordance with the transfer 
function, which is calculated by the transfer function estimating 
calculation means, of the discrete system of the system including 
the battery, the pole of the transfer function of the discrete system, 
and converting the pole into a pole of a transfer function of a 
continuous system of an alternate equivalent circuit of the battery, 
the battery state analyzing 

apparatus analyzing the state of the battery in accordance with the 
pole, which is calculated by the pole calculation means, of the 
transfer function of the continuous system of the alternate 
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equivalent circuit. 



[0044] 



The invention of claim 27 is the battery state analyzing 
apparatus as set forth in claim 22, further comprising state judging 
means for judging a remaining amount of the battery in accordance 
with a correlation, which is found out in advance, between the pole 
of the transfer function of the continuous system of the alternate 
equivalent circuit of the battery and the remaining amount of the 
battery, and in accordance with the pole, which is calculated by the 
pole calculation means, of the transfer function of the continuous 
system of the alternate equivalent circuit of the battery. 



(2) Estimating Calculation of Battery Transfer Function 

In the present invention, the battery is assumed to be a 
time -invariant linear system, and the total transfer function G(s) 
given by Equation (4) is given as the following general transfer 
function in the discrete system. 



[0059] 



[0060] 



[Math 4] 



b } z + ~- + b n z 
1 + a x z~ l H a n z 



-n 



B{z) 



G(z,0) = 



A{z) 



•••(7) 



[0061] 

The transfer function G(z, 9) is estimated by deciding 
coefficients in Equation (7) in accordance with input and output 
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signals to and from the battery. In general, a method for estimating 
a transfer function of a system in accordance with input and output 
data is called "system identification". Fig. 4 illustrates a model used 
in the system identification. Where the noise transfer function Hn(z, 
0) is given by: 

Hn(z, 9)-l/A(z) ...(8), 
the model is an autoregressive (ARX) model having an external 
input. As shown in Fig. 4, where an output signal y(t) is given by a 
linear combination of an input signal u(t) and a noise signal e(t), an 
output response is given by: 

A(z)y(t)=B(z)u(t)+e(t) ...(9). 
[0062] 

Where a coefficient parameter 0 of the transfer function G(z, 
0), which is to be estimated, and a regression vector o(t) are given 
by: 

[0063] 

0=(ai...a n bi...b n ) ...(10); and 
0 (t)=[-y(t-l)...-y(t-n)u(t-l)...u(t-m)]T...(ll), 

[0064] 

Equation (9) gives: 
y(t)=0T0+e(t) ...(12). 

Where a matrix calculation in Equation (12) is solved by, for 
example, an RLS iterative method, the coefficient parameter 0(t) is 
given by: 

0(t)=0(t-l)+K(t)e(t); 
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e(t)=y(t)-0T(t)9(t-l); 



K(t) = 



\and 



\ + f{t)P{t-\)<f>{t) 



P(t-\)-P{t-\)<(>{t)<f> T (t)p{t-\) 

\+<f> T {t)P{t-\m) 



...(13). 



[0088] 



The state of the battery can be evaluated by the remaining 
amount, for example. The remaining amount is a remaining amount 
of electricity charged in the battery. There is a correlation between 
the transition of the pole of the battery transfer function and the 
remaining amount of the battery. 
[0091] 

[EMBODIMENTS] 

...Fig. 8 illustrates an arrangement of a battery state 
analyzing apparatus in one embodiment of the present invention. 
Fig. 8(a) illustrates a system for applying an alternating signal to the 
battery. Fig. 8(b) is a block diagram illustrating an arrangement of a 
section that analyzes the state of the battery. The battery state 
analyzing apparatus shown in Fig. 8 evaluates, by estimation, a 
state of a battery 1 1 that is to be analyzed. The state of the battery 
11 is a remaining amount, for example. In Fig. 8, referential 
numeral 11 denotes the battery that is to be analyzed, referential 
numeral 12 denotes pseudo-random noise generating means for 
outputting the alternating signal that is to be applied to the battery 
11, referential numeral 13 denotes an impedance element provided 
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between the battery 11 and the pseudo-random noise generating 
means 12, and referential numeral 14 denotes an analog/ digital 
converter, which is sampling means for sampling an alternating 
voltage vB applied to the battery 1 1 and an alternating current iB 
applied to the battery, and performing conversion from analog 
values to digital values. 
[0092] 

Referential numeral 15 denotes transfer function calculation 
means for performing, in accordance with output data from the 
analog/ digital converter 14, an estimating calculation of a transfer 
function of a discrete system that expresses properties of a system 
including the battery 11 and the impedance element 13. Referential 
numeral 16 denotes pole calculation means for calculating a pole of 
a transfer function of a continual system of the battery 1 1 by using 
the transfer function of the discrete system, which is calculated by 
the transfer function calculation means 15. Referential numeral 17 
denotes a state judging means for judging the state of the battery in 
accordance with the pole calculated by the pole calculation means 
16. Referential numeral 18 is a temperature sensor, which is a 
temperature measuring means for measuring a temperature around 
the battery 11 and outputting the temperature to the pole 
calculation means 16. In the present embodiment, the transfer 
function calculation means 15, the pole calculation means 16, and 
the state judging means 17 are realized by a microcomputer 20. 
[0093] 
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Fig. 9 is a flowchart illustrating operations of the battery 
state analyzing apparatus of the present embodiment shown in Fig. 
8. 

[0094] 

In step SI, the alternating signal is applied to the battery 11, 
which is to be analyzed. 
[0098] 

Then, in step S2, the alternating voltage vB applied to the 
battery 1 1 and the alternating current iB applied to the battery 1 1 
are sampled, so as to obtain time-series input/ output data, which is 
to be used in performing the estimating calculation of the transfer 
function of the discrete system. Step S2 is performed by the 
analog/ digital converter 14. The alternating voltage vB applied to 
the battery 1 1 and the alternating current iB applied to the battery 
11 respectively correspond to an input signal u(t) and an output 
signal y(t) in the ARX model shown in Fig. 4. Therefore, such a 
regression vector 0(t) that is represented by Equation (11) by using 
an input/ output data system is calculated from the digital values 
that are sampled, at a predetermined time interval, by the 
analog/ digital converter 14. In other words, by the analog/ digital 
converter 14, which is the sampling means, the alternating voltage 
vB applied to the battery 1 1 and the alternating current iB applied 
to the battery 11 are turned into the time-series input/ output data 
to be used in the estimating calculation of the transfer function of 
the discrete system. 
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[0099] 

Then, in step S3, the estimating calculation of the transfer 
function of the discrete system is performed by using the time-series 
input/ output data obtained in step S2. Step S3 is performed by the 
transfer function calculation means 15 in accordance with the 
procedure described in "(2) Estimating Calculation of Battery 
Transfer Function", which is a part of the description of the basic 
principles of the present invention. Specifically, the transfer 
function calculation means 15 calculates the regression vector o(t) 
in Equation (11), where the alternating voltage vB applied to the 
battery 1 1 and the alternating current iB applied to the battery 1 1 , 
which are sampled by the analog/ digital converter 14, are the 
time-series input/ output data u(t) and y (t), respectively. Then, the 
transfer function calculation means 15 performs the transfer 
function estimating calculation as represented by Equation (13) by 
using the initial values given by Equation (14) or Equation (15), so 
as to calculate the coefficient parameter 0(t) in Equation (10). In this 
way, the transfer function calculation means 15 calculates the 
transfer function of the discrete system as represented by Equation 
(7). 

[0100] 

Then, in step S4, the pole of the transfer function of the 
continual system is calculated by using the transfer function of the 
discrete system, which is obtained in step S3. Step S4 is performed 
by the pole calculation means 16 in accordance with the procedures 
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described in "(3) Calculation of Pole of Discrete System" and "(4) 
Conversion of Pole from Discrete System to Continual System". 
[0110] 

Finally, in step S5, the remaining amount of the battery is 
judged from the angular frequency of the pole calculated in step 4. 
[0112] 

As in the battery state analyzing apparatus in Fig. 8, the 
battery state analyzing apparatus in Fig. 13 is also capable of 
judging the state of the battery 11 by calculating the transfer 
function of the discrete system by sampling the alternating voltage 
vB applied to the battery 1 1 and the alternating current iB applied 
to the battery 1 1 . 
[0115] 

Such a battery state analyzing apparatus that judges, from 
the transfer function calculated by the transfer function calculation 
means 15, a state of the battery other than the remaining amount is 
also conceivable. For example, the battery state analyzing apparatus 
may judge safety, deterioration, and other states of the battery from 
the transfer function of the discrete system. 
[0119] 

[EFFECTS OF THE INVENTION] 

As described above, according to the present invention, first, 
the transfer function of the discrete system of the system including 
the battery is calculated by the estimating calculation, and the pole 
of the transfer function of the continual system of the equivalent 
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circuit of the battery is calculated by using the transfer function of 
the discrete system. Then, the state of the battery is analyzed by 
using the correlation between the pole of the transfer function of the 
continual system of the equivalent circuit of the battery and the 
state of the battery such as the remaining amount. Therefore, the 
state of the battery can be performed quantitatively without fail. 
[0120] 

Moreover, in performing the estimating calculation of the 
transfer function of the discrete system, all the processing can be 
carried out by the digital signal processing, and the analog signal 
processing is therefore not required. This makes it possible to use 
an LSI including a one-chip microcomputer, a DSP, or the like. 
Therefore, it is possible to realize a high-precision battery state 
analyzing apparatus at low costs. 
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go i dVHum^ammvhizbiwab-ttv. 
[ it*Ji 2 2 ] ntffg 1 6 smvmmwwwm mm 

*«rta#w*iB£, mmnn&mz j: otsfttM 

[ ISiRJS 2 3 3 I8*3S 2 2 IEtt<0^<WfBHl?*Jr §ta 
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a. 

-r yyz-y>*m*zitLxmiMnL<r)%mzem*i> 
fin. mriestSi^fe^ifcK^^&ffiSr^^ico-c' 

imxm 2 5 3 fS*J3 2 3 E®<73l:>6^«®JS^iE 

vmm<7>%mtzu&mitt&i><7>x't>')^ mtmrn-ytn 

maztm&mmmz. o i>n^<m<7>m%W)ttxtz 
±.Tm®tttM*m\ mssmm s <om£mktztstt&m 
5r*464 1 aiX'h z>z\t zim t^b-gmcovrnmrm 
a. 

[ H:£jf 2 6 3 imm2 2 szmwmmnttmfsmmw. 
imrtma&toemmtzistf&m*. Hirieiasn-*¥ 

SIC ± o X If-SI L^flfCVftconHiUEtc U Tffl 

2 7 3 2 2 iim<n>mm.^>mBmmm 
tztswx. i>#mtbx^tz, miim.i&^wmm&<r> 
mtmcom&mtizti tt t mri em^s * t cosra 
mmiz Ltzt^x, mmmwm^-mzx *>x 

[000 13 
[00023 



(4) 
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mbtxiz. muz. mmnmK&v^zm&tz® 

[00033 

SiaWfrf 3* h 1 v-> a PIS* 1 * s . 

[0004] £tzm2<r>ismz£$>t. micoirmtt 
i>*>®&mk&k it^xm^im^ST^ ?zb wxz 
zt^o&Brifihhifi. Ti-arm^zm^xmmkQ. 
n&mfe-t&tzit). micoumtmmzTi-vT-m^W! 

[0005] K>?«o^*W*fflv%Ji, ^maiS^, /tv 

tih®mzmmnwmvm&z&x-&A,x\ tsmzti 
x \.->z>mm<7>vm$: u t/v? a i^x-msx-* &£oiz-r 

[0006] rnis^i o%mmi,zm&. mm 

[0007] 

& nmzwm&t, zztizmm 

[0008] if i <nsmim tfcJHBfe#BHi. 

f!fiem?fifc*»*^ 3c«s«flE&u c mriemific-sfL.i.3cjsm 
Hft*££st*u z<m?&Jk<?>&m®.zm^xmi 

[0009] stmm 1 tf^HBtCfc h t . ®fi(cA>A>&3; 

ibziztsmnM&MnmMmmzmzmn-tztzMz 



^3*hj^<fc&fc#CS»fcaK'Sr*. i*:, ft 

taints mt mmnttBt nfflnftmmfa*: m^x „ 

[00 10] &tz. SH#9t2<?!>W«i. fit *JiU OSKJJ 
S£ hizMt^itLt^nX'^X . ^rfifiHASSfJflMS 

kLxm^xm&.m&?z>m2<r>znk$:ffiz„ mm 
2 coumza^ximzmmzx <o sibtm&mcrimm 
Rtm^x. ffiMmmcoymzmm-&tcr>x'hz. 

[0 0 1 1 ] -5-LT. K*«3«>JKHT«. frsEIS^JS 

2<nnm<r>tmMtTi}miztiif2,mi?>jLmi£. xiftm 
^m&t>ft!kiiij}iitifzx.SLm*$-*4 yv-yyxm=F 

[0012] f££]«3 wSH^trJ: S t „ 4 >v-9>x 

m?iz£i xmmt xms^mt <vmizm&j^tfw®. 

[ooi3]$f>t. m*m4cr>mix-iz. mmmm 
scomm<?>wmmifmiziittz>micoi.nii. mm 

t Lxm^bi*<7>b-?h. 

[ooi4] =mm4 mtrntzi & t . mm? yy^m 
■c. mmnm^WTmizKh. 

[00 15] ttz. M*^5tf5SSWn±, I5i2!f*312 
£^S^*cSIS?*f^rS^fctt-&^iwiS»i, 

[00 1 6] m$%5CDftmz£hk. mfc*7-b-yh 

WKzm.mcom.mmE.iziittz, ztizx-? xmi&t m. 

y h&%Lm^Mtcr>mz\sm.^A&m®.zti& 
nzm <'z b wx-z h <nx\ 4 y v-yy^WHf^ 

[ o o 1 7 ] s biz. mim6<r)mix-te. mms^m 
5 omfa^ttssiws-ffitcfctti, m 1 nxmi . mm* 

■?bm;8n&vti&t&*7*v hx.3i.mwmb txm^ 

hh<nb-?Z>. 

[0018] f§5Rii 6 iz J: « t . UUv y9~ Ajg 



(5) 
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immm*n\mmmzm&&<F>mmkz±x^ts^ 

[0 0 1 9] *LT. B««7<0«RH-Ctt, WEIM&H 
[0020] % L"C, Il«fl8^ra-Ctt. HUlSif*lS 

e»WO«®KKtff o tot-*-*. 
[0021] ifc. «SW9cofHHT'tt. MEM** 2 

»«o«aw«iii»*»^s«)fc»j«««r-5-i, hbhmw) 

[0022] USE 1 0<0«HBT(i. STEM**! 

[ 0 0 2 3 ] * LT, ff#fl l l OJWCI4. SIEiS* 
31 1 0 ottfficO«ffl«W*ft t:*5 v . Hutam 1 <0XH 

[0024] *fc . IS^fl 1 2 <T)W*f\X\$. WI2il*3a 
1 0 «ffiWff Affile , ffiES 1 <9X*I 

o«fifc:iafi!waar&to-e*o, i»£3i3coxgu:. 
&^^iOfc*v^aao**«jo»Tfctt, met 

[ 0 0 2 5 ] * UT . fS3tn 1 3<r>WRV\X. WEIS* 

« i o ^mmco^mmm^m^^x , heus 3 coig 

[00 26]^/L\ MSffll 4WK11 WEtMW 



1 Qcommcom&Mtf^mz&^T . fwti^, 
aofatw a^*5 it zmzm^x msiVM^wat 

^*»4<7>XS&t»;LTlrVg>t > tf>fci-* # 
[0027]^, M#8 1 5 

[0028] ]R$3I 1 5cr>%mzXh t . KftftO&g 

TiSf^m^wmizx ^xftoz ttfx'Z&fzsb. mm 

7yf7r7>(3y«DSP«:J;oTHS 
[0 0 29] KJIffl 16 5<50 

mm^&m>m<Dffimvrmmt ix, mmmconmiz 

m\&miz£ ^xmmmz&mm^&ffliuztitik 
mim>mzfrfr& xmmj£Rv : mznmzm^&& 

X\^Z>i><7)Tfo%>> 

[ 0 0 3 0 ] * lx. n«jg 1 7 <o«WTii. mmm 
mi 6cDmmwwmvrmmz&if&?£ffim^mn^& 

[003 1 ] SR^S 1 7<0JMHtc«t & ^ . 4 
[0032] S^>tc, |HWI18^>«rWi. HUEIS^ 

«i 7^fftom^ff^S(c^jt^3ciafs^4, a 

[0033] 19*11 1 8*>SWttC J: S k . it7 y^A 



(6) 
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[0034] LT. Ht*5 1 9<MWttt. lIEa* 
S«EtT 7-fe -y hSSSfl-SyS&^rLTfc D . ffiiemE* 

7-fey hsae<8^«*»fe5i*aisj3*utssafi-**ittf 

[0 0 3 5]ii*5l9cDf|HBlcJ:&i. ES*7-t7 

[ 0 0 3 6 ] § 19*52 0<0*HTtt. WE«I* 
[0037] SS*52 0O«HB{CJ:*fc. SUK^y^A 

[ 0 0 3 8 J -5- LT. If*52 1 tfJWJTCIi. INEM* 
5 1 8Xii 2 0 0«G^ttJ!WH^£&ft6*HhR 

[ 0 0 3 9 ] * LX . 3*5 2 2 *>JMIT1i. fflOl* 

ms&^miizx r>x^izm&.mwk<r>mmmiz*iif 

•6. 

[0040J?^K. 11*52 30fMBt*»±. ifrfEfS* 

m2 2<onM<owmmkmziiWhmL&*mi.. m 

&ftmtx. mMmfc&ntKmm&iz&if&m&mmm 
z&to&mammxz&b . mm&ftfmMmuz 
x^xtzfrtMnimmfr^im&imgix, 
9mm*e>. miiw.m.cvjEmBLvnmt.ztfm^&miEm 
mhcr>fcm&mz&v&&zm'^hmk%*frc . 15 

immn&wgmmftcom&zkcoGMmmztiw&miz 



[004 1 ] -eUT. IS*52 4^BBT'*i. iwiefit* 
52 3om?fi'0«®»^@(ciJ^T, mrKSSStl^ 

xmmn^mmzmt^h i>cr>x-h 0 . wasKtsm 
mmziiKhw?>&Mib Mia-f ye-yyxff«^ v 

mz&tfZ&Z-RtbZ, i>cr>k-?z . 
[0042] »*525<0«WC<±. frfEIS*5 

[0043] lf*5260^BBf{±. MEIS*5 
2 2om?fi^«S»WSgt;fcv^T. mfemvftsojiiffliS 

*ttmzm&co^mi®ffinmm*^mm!iizi6 

[ 0 0 4 4 ] * LT . 1**52 7ff>miTl±. ffiaiJl* 
52 2 com?ffiW#Sfl¥*f ^StciJ v , ^-»*a^T V ^ 

fe. mizmmn&ffi&m®&cnmt^nimmmz&\f 
zmt Mnim.mcr)ffittcr>iammmz lw>^>x . Mie 

[ 0 0 4 5 3 5cSfi-^^<i1*m^^^5: 
*/W3£«fi^«r*tr. Zklz. £.ffim^t LX. 

*<mffl%mzk&m&tii*nmzmmx'i>&. * 

[0046] 

[0047] ( 1 ) «&<siiN&<9£gS 
ILtfi 1 0nVOTgS^'i^Sfi-^KJ:-5-cm?fi 



(7) 
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WLb&ttZbtfX^h. 

[0048] m^am^^ttz t z <n^<n&mm 
«H»iiH iridic**, m.mtmmm^mmzj: 

miznffi&m&m&mMX'&ztmtrzt. yr?? 
y\z-yyA\zw&<7>ftwm> (mmmim) t 

X. 3 1 p . 3 1 nteJE&Rt/nm&ttm&tii. 3 2 p 

izsEmztmz>m.m2mm®^ 3 2 ntenmiz&vz 
w$\2nm&m. 33p, 3 3 ni±iEmm/nmcom& 
f&tt. 3A\$mwmcomAX'$> 0 . iegi^m >-e-^>- 

yf-/yx ffiSli 2 fiJf&Jt 3 2 p fc ^ 

fmzi.->xnzixxt$*), nmm yv-yyz.te#m 

«tit 3 1 n^l«^3 3nK«7r7f-^ 
tW>-.zt«»2»ra«3 2 n <7>MJiJj£8tt;: J: o 

[004 93 ^Ct, »«Sta:3 lp^OfiSEiiarRp . 
*ffi«fil3 1 n^«tS«^Rn fc-f&fc, 
[00 50] 
[ftl ] 

RT 



[0 0 5 I ] tmZtLZ. * ( 1 ) , (2)te*3ivc. 

Fli7 7 7f-SS, iop<iIEffi<0£BSS£aL i 

jES^*3*t&«»2a«»*3 2p^S*«. CdnfiH 
©Ci3(tl>mm2»SSS3 2 n^§ll, Relte®§? 
»O^3 4<0«^ttT**. 

[0052] ^ft^co^^is^ { Jt^a< . mmo® 

K#33p. 3 3n^ti^yb-yyxC^^ 
1K8M*3 3p, 3 3n^#U02<7)i:ac 
[0053] 3Sffi»ffi+^««6^^^:^»»^XrA 
iill&HB < s > li. 

[0054] 
[»23 



Hb(s) = • 



I 



sRpCdp*1 



+Rel + 



5RnCdn+1 



(3) 



nFic 



(1) 



[0055] ma^a^e-^x* 

1 ( s ) b~i~h b , mmSLtx^ytr-ryxST^^^r 

[0056] 
[ft3] 



RT 
nFio 



(2) 



Gls)=— =Hi<s)+Hb(s)=— ] — - 

IB SRpCdP+1 



1 



SRnCdn+t 



[0057] zzx\ vb fctxsM yf-^y^i^ 

»g(s) eten&fflt* A y\:~?yxfH*)4 
-*v;*hi (s) (c*$*t&s<!oa:ai:<}fieaiaiRHB 

( s > ( t z$mz>&<v<mb<omb%:h. 

[ 0 0 5 8 ] H3ii^: < 3 ) az^rrx a zmmsmmm 
hb ( s ) s-^rr*ffi}fiio«*-f yt^yy^ro7 h 

®s?gi£ta; 3 4 so&t/tfiRei tc^srSo si&si av» 
2ms2i t z&w$>ftmmniZft?no>i, *>2 ttz 

b. 

o> 1 =- 1/Rn Cdn [rad/s ] ■■• ( 5 ) 
o>2 = - 1/Rp Cdp [rad/s] —(6) 



[0059] ( 2 ) ££R&?)Jfl$591S: 

Lt\ * ( 4 ) Tastis^eaiWfcG ( s ) ac<o 



[0060] 
[»4] 



biZ"^-^bnZ" n , Biz) 



(7) 



[006 1 ] «*aAffi*«^fc£r*V vc* ( 7 ) <0f£ 
RSifcffi^iClfcteJ:-^ fStBBRG (z, 0) 

BSftHn <z. 0) 

Hn (z, <9) =1/A (z) - (8) 



(85 



#1^10-2 3 2 27 3 



RX) ^irfVbKh* mitz^Xolzftjim^y 

A <z) y ( t ) =B (z ) u ( t ) 
b%h. (t)£. 
[00623 a^-r&fiSMKRG ( z , 6 ) <?MWU [0063] 
*-9 0^ A&jl^-fJkmzkhmffi^? h)V<f> [&5 3 

tf=(av«anbi---i)n) T ••• (10) 



( t ) tfK1)m*TU ( t ) RX/m^m^e < t ) C01 & 
e ( t) - (9) 



#(t) = [-y(t-1)—ylt-n)u<t-1) •••u(t-m)] T 



[0064] t-fht. ^ (9) te. 
y (t ) =<£T + e ( t ) -(12) 

j£ < 1 2) c7)tf^J^$:0JJ^^RLS^;^ 

»(t)=#(t-|)+Klt)e(t) 



~cm<t. mtv^*-?e urn. 

[0065] 
[S6] 



e(t)=y(t)-# T (t)*(H) 



P(t-lljlt) 



1+* T (t)p(t-1)*(t) 



p(t) = - 



P(t-1)-P(t-1)*(t)> T (t)P(t-1) 
1+* T (t)P(M)e>(t) 



[00 6 6] X'S-Z-tytih. ZCO&WtyJ-ro 

[0067] %&m%<7>immi±. -mmz&, 

O (0) =0, P (0) =a Id •■• ( 14) 

k #J;t£' 

Rp=0. 001 — 10 [Q] 

Rn =0. 00 1-10 [Q] 

Cdp= 1 0-6—1 0-2 [F] 

Cdn= 1 0-6-1 0-2 [F] -(15) 

cvsmftnummzm^ t jisk* t<o» o m law* 
[0068] ( 3 ) M®Jk<om<r>n& 

mmttmm&n&to&z-wtzv&m^z^^mw 
[0 0 6 9] (3-1 ) 4i/\z-y>*m^tfmm&> 



* >\z-y>xm¥&m&ifLcob ^ ( 4 ) ^-r^e 

( 7 ) t5rrtt«c»^figaWKG < z , 0 > izfcftsg 

fesS < 7 > li. 
[0070] 
[»7] 



G(Z, *> = 



(13) 



HaiZ _1 +a2Z' 2 



116) 



[007 1 ] f%h. ^ZLX'jZ (16) tCfc^T#^5 
*-*0ti«GKLT^4fc^fc-r*fc5t (16) t^-T 
littX^SBSKG ( z , 0 ) fc:ij«t*»i, 

[0072] 

[»8] 



a 2 ai 



Z^*(— +r-)Z+( r :L +— 1=0 



bs bi 



b2 bi 



<I7) 



[0073] *C5jrT i a $r z con <tefinB*^*PC4-i 

[0074 ] 
[^9] 



b2 bt 

( nV =A2 



(18) 



[0076] 
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[»1 0] 



7 7 . -ArWAi 2 -4Ag 

Zit Z2= (19) 



[0077] ctfo»ii-jRw^a:^j: 3 ^assure** 

z l = <r 1+ j 0 1 

z2 = <?2-fj/92 — (20) 

**^^uags^^reaG ( s ) (c* 
2 s ¥m±.e>mn±izft&t&cr>x\ mm 
jko&mmtG ( z . 0 > (cfci vt 1 2 otfo©i z w-m 

Zl = (Jl 

z2 = <?2 - (21 ) 

»tauRtcts(t««tGamRG <z, <9)<oa*:^ 

[0078] I z2 I < I z 1 I - (22) 

(22) $u«iz i ttafs^fta^wjc-f * 

2) a*«*ofc£iiSz i««ffi^iE«tcitj6-r&a, a 

z 2 tt«fi^ftat»i«-*a t ** . 

[0079] (3-2) -f ye-miT*W» 

-r^eaBBRG ( s > (c^(t^^^s^3^tc^^> 

<0T3t ( 7 ) tc*-rttBSR6oeafflfflSG ( z , e ) izto 
W&a^«» t 3 <X"C» £ k LT S'-XT^RJEtfr o . 
ttfr1bj$ ( 7 ) 14, 

[0 0 80] 

[SI 1] 

biz* 1 +b 2 z" 2 +l)3Z" 3 



G(z. » = 



1231 



[0081] fc^S. iU 2 3 ) (c^-rgjfflBSG 
(z, #) <J0Stt, 
[0082] 
U&l 2] 

D3 P2 &1 &2 03 



[0083] J: '3 ^ z aHftXTS^Jirc^* <b 

fU3^1z 1, z2, z3(4, 
[0084 ] 
1*13] 



Zi=yi-y 

o t 



Z2=y2 '3. 



Z3=Y3 T 



y i =u i +v i. y 2 ,y 3 = 



Ul»Vl 



Ul-Vi 



[0085] i^KWHRBdiK^J: 3 

z 1 =<? 1 + j /3 1 

z2 = c?2-hj/32 — (26) 

***y>^v^aa*»^eawi»G ( s > co3 
asag&G < z. *> fcfcivct«iizTO«osw»±tea 

*i«IHIW, * (26) ^«Wt»«B9«Tft, 

zomimttz^imzxo, zi, z2it 

Z 0 = C7 o 
z 1 =<y 1 

z2 = a2 ••• (27) 

tLX3Z£Z>. i<!03%ie««^fkfc**v^iz0ttz 
I z2 I < I z 1 I - (28) 

Koks«az i(i«sscofta^»*?-rsa. iz2(i 

Wl^iEaWtfJBr*afc4: 9 .S(28) sPO*)*: £ 
liSz lti*»*MEafc*ftfr«a, Sz2(itfefl 

a^jEs-rsak^rSo 

[0086] ( 4 ) Ktk^^aifl5R^coacoS»l 

5^J:a^ii:J:ot, ««3«ci3i*£az l , 
z 2 ( 5 ) , ( 6 ) Vttti o iraMKfi^isftS 
as 1 . s 2jWdW!>fe*lS. (ittjRfclfcttS^ry V 
^0ST [s] t^-ht. zfB*^sfB^S^ 

[0087] 
MK14] 



D1 U2 D3 
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■■■•/F7FHT "-fFJFW 

r=Ai. s=A2. t=Aa 

D3 P2 

Az=b3 , _L + ^L f jl, 

Di D2 Da 

Aa=b3 |-ii-+-ia.*Ja.| —'25) 
Di D2 Da 



s=^ inz ••• (291 

[0 0 88] tLfca6*-aTff 

«fao«jiwi. muz* ^XBm-f&Z t 

[00 89] i6«Df'?A>f*yS?l«ffiR'f>'e- 

y^m h s-^-ra-c* 0 . siteogUfco^kKf* 
pra+» (a). <b>. ( c ) . w ( d ) ji-en-e 

ft»***10 0X. 50%. 1 0%S.Z/0%O^-CJ) 
£ . 12 2 tr^-f ^-^Sfa 3 1 p , 3 1 n Zti^itcofflfi 
MRp . Rn Wm<?>1ffl.W.lzftojEmAt/nmcr ) ik 

JgSt3 1 p. 3 1 ns7)tSfiiilRp , Rn t^itthCO 

[0090] Q7U«ie<^Uii:«6CsaBQKC«(t£ 
< a ) »C< ( b ) Ji-eft-exx^ 1 &&V3fl 2m<?)i> <nx 

[0091] <|£f£?>JE??g> «T. *%HBW-^SSJgS 

-rs. ( b ) immnwmviz'ti 3 m^com^^-r 
7a v7mz'$>?>. msizKttmsmmfc&hmm 



om-szmjmffi-t&itw&z. msiza^x, 11 
tmu^> yj&tm&m. 1 2 1 wfuic^it ^ix* 

vf-^yxSf, 1 4{im*ffil 1 3csS«Ev 
B RXSmtel l«=SEft£3S?iS3£iB 2-9-y7-'Jv^L 

[0092] itl 5li7to//f'f ~J9)Vg3tm\ 

Affy&ftf-fzmzLxnmi i&im >v-y>x 

1 7»i&3£ft*K 1 6{CJ:-9Tmai§^ffiS:»c; 

i»«HaLBi*»tau-c«Kas#si 6caj*-rsias 
1 5 , 1 s »tftt*Mje#a 1 7 a^msm 

[0093] E19{i08(CSrr*iag^ffi^^l>«mc7) 
T. 09^#BgLTH8^-r*HtS^S8t^|>mfa^ 

tmmsm&ffmmz-o^z im^-& . 

[0 0 94] 4f7,f77S 1£S3W£. fi?i)T*fg!t3r 

'gx'bhm&yyy^&^mi^mm^xw.mi \<n 
&gmmztitfh&e)m$i&z<ktj£ saaaaiwiLT 
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[00951 01 0ttR«9 V^S«S*I±¥K 1 2C0 
[Hz] . Wmimm [dB] T£>£* Ill OtC^rf J: 

mi^Mwmwi* «»i io&&nR<?>&i«s 

7y^»fM#Sl 2£Jfl^&<rkfc:i»'K J3i£$c 

&«H-C&*«KJaTT*0. lOmVfiJKEITT* 
[0096] R«^y*7*>MF«fc¥R 1 2ttWitf 6 
ttia^\ HI lt5rfJ:p5rM»5iJ»^Srffl 
*»*£#8SiiIliVCfcJ:^. HI ltcfewc. 4 1 
7077, 4 2ti»fl6Wi&S*liS(3(«"C*^* ££01 

[0 0 9 7] &ti4 y^-yyxmTi mmi i 

3&£#ai 2k<JOBBca[»/^3WBi«S<t&^S:|»<'«i 
<KXh 0 . H8(i^*l8III^HRCffi&««6^«^ 
KaTli. j^SMOTWarCA* 

[0 0 9 8] ^:xf7rs2Cfc^T, HKfiii l 
a*&£SMEvB av«ai i^aHxsssassitstiB £ 

4i?9)\,mmiMz£->xft*>tih. nmi i 

B 04£5j^ARX*^lHCfctt&A;*jfI 
^•u ( t ) XtfBMfy ( t ) (cffiS U Ltz&r>X 

HTif >?ztitiT< v?)vm*t>. se ( 1 1 > 

(t) ##*><5>*t& 0 W^$i_&k. ttffil 1 

xiMEvB Rxsm&i i fcistM&xana i b j*. * 
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